In studies of marine trophodynamics or plankton production ecology, it is always necessary to measure accurately the biomass of zooplankton. Some researchers measure biomass as accurately as possible, but others use conventional methods to approximate it. One of the conventional methods is to use seston weight of net-samples to approximate zooplankton biomass. Seston is a collective term describing the living and nonliving organic particles in the water column (Zeitzchel 1970). Every planktologist knows that the net-plankton samples contain non-living matter (or detritus) and net-phytoplankton in addition to zooplankton. If detritus and/or phytoplankton can be visually confirmed to represent an insignificant proportion of the seston, the use of seston weight may be adequate for approximation of zooplankton biomass (Yahel et al. 2005) . However, if detritus/phytoplankton occupies a significant proportion of the seston in a net-sample, it can lead to a considerable over-estimation of zooplankton biomass. Such a problem may be more severe in coral reef waters, since these environments are more susceptible to the effect due to high detrital content. For example, in Tikehau atoll, French Polynesia, detrital carbon represents over 60% of the sestonic carbon in the net samples . Nevertheless, seston weight has often been used for biomass estimation of net-zooplankton in coral reef waters (Table 1) , probably because of its simplicity and the omission of the laborious process of measuring the exact zooplankton biomass. Plankton sizes in the tropics are relatively smaller compared with temperate and boreal species and nets of smaller mesh size are often employed. However, unlike in open waters, coral reef waters contain a substantial amount of detrital material including fish feces, coral mucus aggregates, filtering structures and discarded houses of gelatinous zooplankton, dead organic matter (e.g. dead turf or epilithic algae, carrion and moults), as well as microalgae (e.g. filamentous cyanobacteria, dinoflagellates and diatoms) (reviewed by Crossman et al. 2001 , Wilson et al. 2003 ) which easily gets caught in nets with smaller mesh sizes. This results in zooplankton getting entangled in the detrital aggregation and creates an arduous task if one were to isolate the individuals for identification and enumeration. At present, knowledge of how much zooplankton biomass is overestimated by measuring seston weight in net-samples from coral reef waters is scarce. In this study, we collected net-plankton at a coral reef, and divided them into two aliquots to be used for both measurements of seston weight and zooplankton biomass in order to quantitatively determine the bias in the estimation of zooplankton biomass by measuring seston weight in coral reef waters.
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This study was conducted at a jetty in the Marine Park Centre of Tioman Island, Malaysia (2°50Ј00ЉN, 104°10Ј00ЉE) . shore towards the open water, the bottom was comprised of fine sand, followed by rocky bottom and then sandy bottom. The reef flat spreads beyond the sandy bottom region ending in a gradual sandy slope. There is no distinct reef crest separating the open sea and back reef zones, allowing water from the open sea to freely enter the nearshore area. There are neither seagrass beds nor mangroves near to the reef. The reef flat is 2-3 m deep and the coral communities have a live coverage of 35% (Toda et al. 2007) . Sampling was carried out at the jetty some 100 m north of the reef, where the depth is deeper than Mango Reef at 7.5-10.0 m depending on the tide. The bottom of the jetty is covered with fine-to-medium grained carbonate sand with small patches of live corals of Acropora spp. and with a considerable influence of offshore water, being characterized by high turbidity and a high sedimentation rate (Maekawa 2003) . Some anthropogenic effects may be present due to boats stopping at the jetty. A small stream is located approximately 500 m south of the jetty. Net-samples were collected every 3-h for 48-h during four study periods (22-24 August and 1-3 October in 2004 and 25-27 February and 2-4 June in 2005) by five gentle vertical tows of a plankton net (mesh size 100-mm, diameter 30 cm, length 100 cm) equipped with a flowmeter (Rigo Co., Ltd.) from the water column 1 m above the sea bottom to the surface. The net-collected samples were pooled and immediately brought back to the laboratory of the marine park within 5 min. A total of 64 net-plankton samples were collected. The sea condition at the sampling site was calm with no strong wind or rainfall during the study periods except at 0000 h and 0300 h on 3rd October where heavy rain and strong wind were observed, though we did not measure the amount of precipitation or wind velocity. The net-collected samples were divided into two aliquots with a Folsom plankton splitter (Omori & Ikeda 1984) . One aliquot was used for weight determination of organic carbon and the other for microscopic analysis. The aliquot destined for organic carbon weight determination was immediately filtered onto a pre-combusted and pre-weighed GF/A filter (Whatman), and the filter was placed over fuming HCl to remove carbonates for 24-h (Strickland & Parsons 1972) . The filter was then dried and organic carbon weight on the filter was measured following Nagao et al. (2001) using an elemental analyzer (Fisons EA 1108 CHNS/O). The measured organic carbon was of the seston weight. The aliquot for microscopic analysis was fixed with 5% buffered formalin seawater. Large zooplankton and rare species (e.g. mysids, larval decapods, fish larvae, etc.) were first counted and sorted out, then the remainder was split (1/1-1/32), and all zooplankton were identified and enumerated under a dissecting microscope. The lengths of the appropriate body portions of the zooplankton, e.g. prosome length for copepods, trunk length for larvaceans, were measured using an eyepiece micrometer following the methods of Uye (1982) and Hirota (1986) . At least 300 zooplankton individu- Uye et al. 1996 , Hopcroft et al. 1998 , Satapoomin 1999 ) taking into account body shrinkage by formalin preservation (Szyper 1976 , Wang et al. 1995 , Scheinberg et al. 2005 . Reported length-weight regressions of many species that occur at the sampling site are not available but we used regressions according to similarity in genus or shape. Regressions for copepods of the same genus were employed wherever possible. For regressions that estimate zooplankton dry weight from body length (i.e. Webber & Roff 1995 , Hopcroft et al. 1998 , the carbon content was assumed to be 47% of dry weight (Hirota 1981) . The statistical difference between seston weight and zooplankton biomass was determined by a two-sided Mann-Whitney's U-test. Differences with pϽ0.05 was considered significant. Seston weight and net-zooplankton biomass was significantly different during the study period except in February (pϽ 0.0001 for August, October and June, and pϭ0.1016 for February, Fig. 1 ). The average carbon weight (mg C m Ϫ3 ) (ϮSD) of seston in August, October, February and June was 7.5 (Ϯ2.8), 7.7 (Ϯ4.1), 3.5 (Ϯ1.1), and 6.7 (Ϯ2.2) mg C m Ϫ3 , respectively, and was 2.3, 2.3, 1.2, and 2.8 times higher than the actual zooplankton carbon biomass (overall mean: 2.2Ϯ0.7 times high). There was an abrupt peak in seston weight at 0300 h on 3rd October and this was possibly caused by the addition of a large amount of detritus caused by re-suspension of bottom sediments due to the strong wind. The weight of non-zooplankton content (detritus/phytoplankton) in the net samples, which was obtained by subtracting the zooplankton biomass from the seston weight, contributed on average (ϮSD) 58.9 (Ϯ18.5)% in August, 52.3 (Ϯ26.8)% in October, 20.4 (Ϯ27.1)% in February, and 65.2 (Ϯ13.9)% in June to the seston weight (overall mean: 49.2Ϯ13.8%). Previous studies that compared the seston and zooplankton weight are rare. In coral reefs, Blanchot et al. (1989) examined the relative biomass of zooplankton in 200 mm net-seston samples taken from Tikehau atoll, French Polynesia. They sampled for 11 days in April and reported that the relative biomass of zooplankton in the seston was 64%. This value is similar to those of June in our study (65%). In temperate waters, Morioka et al. (1990) and Nakashima et al. (1992) compared zooplankton and non-zooplankton weight in net samples in Goto-nada waters, west of Kyushu, Japan. They used 100 mm mesh net and sorted the zooplankton from the other seston in formalin fixed samples to measure the dry weight. They found the proportion of non-zooplankton (detritus/phytoplankton) to be 43-65% in March and 13-17% in May, and reported that the percentage can vary considerably with season. Our non-zooplankton component in the net-seston also varied greatly with season in this study, suggesting that the proportion of detritus/phytoplankton in the seston is highly variable temporally for coastal waters in general, though the actual content would be different depending on the study site.
We observed the contents of the detritus/phytoplankton fraction in the net samples under a stereomicroscope and an inverted microscope, and found dead animal tissue (e.g. carrion and moults), feces, gel-like materials, colony-forming filamentous cyanobacteria (i.e. Trichodesmium) and diatoms as possible non-zooplankton contents. Although we do not know the source, the gel-like materials may be derived from products secreted or exuded from organisms such as coral mucus and larvacean houses (Hansen et al. 1992 , Moore et al. 2004 ). The gel-like materials trapped a myriad of particles and formed large complex aggregations which were often visually dominant in the net samples. Coral mucus is known to trap various organic particles while suspended in the water column due to its mucoid structure and it also forms aggregations (Wild et al. 2004) . Filamentous cyanobacteria also accumulated in the net and formed aggregations with many trapped particles and zooplankton. Due to the small size of tropical zooplankton species, plankton nets with finer mesh sizes are often employed, such as the 100 mm mesh net we used in this study. Therefore, these gel-like materials and filamentous cyanobacteria are easily trapped in the plankton net. With regards to the diatoms in our net-samples, we observed relatively large diatoms including Rhizosolenia spp., Coscinodiscus spp, Chaetoceros spp, and Thalassionema spp. Occurrence of a considerable amount of phytoplankton in net-plankton samples has been reported by several authors (e.g. Hirota & Szyper 1976) . Contamination by these large phytoplankton is also a potential cause of the high detritus/phytoplankton contents in net-plankton at the present study site. Coral reef waters are generally considered to be poor in inorganic nutrients and similarly, concentrations of phosphorous and nitrogen were particularly low at our study site (PO 4 Յ0.1 mM, NO 2 Յ0.4 mM, NO 3 Յ0.4 mM, Nakajima 2009). However, unlike other coral reefs, among the inorganic nutrients silicate concentration was high (SiOH 4 Յ8 mM, Nakajima 2009) at our study site as both Si : P (82) and Si : N (16) ratios were higher than the Redfield ratio of marine diatoms (atomic ratios of N : P : Siϭ16 : 1 : 16, Brzezinski 1985) . This may be conductive for diatom growth if other nutrients are non-limiting. Although further examination was not conducted in this study, transport of sediments by wind, red tides of Trichodesmium, and/or detritus derived from dead turf or epilithic algae (Larkum 1983) are considered as other possible causes for fluctuation of non-zooplankton contents. A major part of the primary production (up to 80%) of benthic algae in coral reefs is known to enter the detrital pool (Hatcher 1983 , Hansen et al. 1992 .
In this study, we compared net-seston and net-zooplankton and found that the relative proportion was highly variable due to the non-zooplankton contents (detritus/phytoplankton). Thus, estimation of zooplankton biomass from seston weight using a conversion factor seems not feasible. In conclusion, the results of this study indicated that measurement of net-plankton seston weight as a proxy for zooplankton biomass in coral reef waters is inaccurate due to the highly variable contribution of detritus/phytoplankton content and the risk for over-estimation of zooplankton biomass. Information such as weight measurements of each individual zooplankter using lengthweight regression is necessary to determine the true net-zooplankton biomass in coral reef waters.
